The incidence of breast ductal carcinoma in situ (DCIS) in the USA exceeds that of other countries. This cannot be explained entirely by the frequency of mammographic screening in the USA and may result from differences in the interpretation of mammograms and/or the frequency with which biopsies are obtained. Although the percentage of DCIS patients treated with mastectomy has decreased, the absolute number is unchanged and the use of lumpectomy with whole-breast radiotherapy has increased in inverse proportion to the decrease in mastectomy. Treatment of DCIS with tamoxifen is still limited.
Introduction
The incidence of breast ductal carcinoma in situ (DCIS) has increased steadily in all countries as the use of screening mammography has increased [1] . In the USA the incidence of DCIS remained below 5 per 100,000 and DCIS constituted 2.8 to 3.8% of breast cancers diagnosed between 1973 and 1984 [2] . It now exceeds 30 per 100,000 and constitutes 18.6% [3] . During this time the percentage of American women aged 50 years and over who reported having a recent mammogram increased from 27% in 1987 to 69% in 1998 [4] . Cancers detected by screening are more likely to be DCIS, ranging from 18 to 33% in various studies [5] .
DCIS with comedo histology is one of the subtypes most likely to recur with an invasive histology [6] . From 1992 to 1999, when the overall incidence of DCIS in the USA increased by 73%, there was no increase in the incidence of comedo histology [7, 8] . Several explanations have been suggested for this, the most plausible being that DCIS found in women undergoing screening mammography is more likely to be the non-comedo variety [7] .
Although the correlation between increased DCIS with increased use of mammography seems to be universal, the frequency of DCIS is still higher in the USA than in other countries with similar mammography use ( Table 1 ). The incidence of carcinoma in situ (ductal plus lobular) had increased in the USA, England and Switzerland by 1990 [8] [9] [10] . However, DCIS incidence in the USA was about thrice that in England and Switzerland. For the early dates, mammography rates might account for the difference in the incidence of DCIS between America and Europe. That is less true today.
Mammographic screening in the USA and the UK today
Recommendations for screening in the USA and UK are quite different. In the USA there is no national policy, but most organizations, such as the American Cancer Society, recommend mammograms every 1 or 2 years for women more than 50 years old and many recommend initiating yearly mammograms at the age of 40 years [11] . In the UK, it is national policy to obtain mammograms every 3 years for women aged 50 to 64 years but none for those less than 50 years old [12] . Today the reported rates of mammographic screening in the two countries are similar for women aged 50 to 64 years. According to the 2002 National Health Interview Survey, 78.6% of American women in this age group had a mammogram within the previous 2 years. Similarly, 74.5% of British women aged 53 to 64 years had been screened at least once in the 3 years before 2004 [12] . For women less than 50 years old, 33% of American women received a mammogram in 1998 compared with only 2% in the UK in 2004. After the age of 65 years, the frequency of screening declined abruptly in the UK before 2004, whereas one-third of all mammograms were performed on American women in this age group [12, 13] . Although the ratio of DCIS/breast cancer detected by screening mammography is highest in women aged 40 to 49 years, the highest frequency of DCIS per 1,000 mammograms is in the women aged 70 to 84 years [5] . Finally, there may be differences in the socioeconomic status of the screened population in the two Review Overdiagnosis and overtreatment of breast cancer countries because mammograms are free in the UK but not in the USA. Thus differences in screening patterns could account for some of the international differences in DCIS incidence.
Mammographic interpretation in the USA versus other countries
There is considerable difference in the interpretation and management of abnormal mammograms in different countries. In a comparison of procedures and outcomes after 1.6 million mammograms in the USA and 3.9 million in the UK between 1996 and 1999, it was found that recall rates per 100 mammograms were 13.4 in the USA versus 7.1 in the UK, open biopsies 1.1 versus 0.7, and open negative biopsies 0.8 versus 0.4. Despite these roughly doubled rates in the USA, there were no differences in the overall cancer detection rate [14] . Perhaps the greater use of open biopsy results in a higher frequency of DCIS because it is often diagnosed incidentally without radiographic findings.
A study that compared variability in mammographic interpretation in 32 reports from community-based screening programs in the USA and eight other countries found that 8.4% of mammograms were judged abnormal in North America versus 5.6% in other countries (P = 0.018) [15] . Abnormal mammograms exceeded 5% in all of the North American programs but in only 10 of the 24 programs elsewhere. DCIS constituted more than 20% of the cancers diagnosed in 4 of the 8 North American programs but in only 4 of the 24 programs elsewhere. There was a significant correlation between the frequency of abnormal mammograms and the percentage of cancers that were DCIS. Factors affecting differences in outcome were the inclusion of younger women with dense breasts, litigation avoidance, and incentives to minimize the number of abnormal mammograms. In the USA, the Agency for Health Care Policy and Research suggests that at most 10% of mammograms should be abnormal and 25 to 40% of biopsies should be positive. In the Europe Against Cancer Program the 'acceptable' rate and the 'desirable levels' of abnormal mammograms are less than 7% and less than 5%, respectively, and the corresponding levels for positive biopsies are more than 34% and more than 50%.
Treatment of DCIS
For most of the twentieth century, treatment for DCIS was mastectomy ( Fig. 1 ). Even with the demonstration that lumpectomy and radiotherapy were equally effective for invasive cancer, reluctance to apply this principle to the treatment of DCIS resulted in a very slow decline in mastectomy rates among DCIS patients after 1979. In 2002, 26% of DCIS patients were still treated with mastectomy. During the 1990s, the incidence of DCIS rose while mastectomy rates decreased. As a result the age-adjusted incidence of mastectomy did not change: 7.8 per 100,000 women in 1992 and 1999 [7] . Those most likely to undergo mastectomy were younger patients and those with tumors more than 1 cm in size or with comedo histology [7] . As mastectomy rates have declined, there has been a gradual increase lumpectomy rates to 71% in 2002.
In the USA most professional organizations have few, if any, specific recommendations about the management of DCIS, but the National Comprehensive Cancer Network (NCCN) guidelines outlined in Fig. 2 are referred to by many of these groups. Mastectomy is recommended in the presence of diffuse, multifocal DCIS, or when all disease cannot be removed with clear surgical margins after an excisional biopsy. It is likely that many of the 26% of patients treated with mastectomy do not meet these criteria. Axillary lymph node dissection is discouraged unless areas of microinvasion are found on pathology review, and this is reflected in the steady decrease in lymphadenectomy since 1988 ( Fig. 1) . In 2002 only 11% of patients had a formal node dissection, and 10% had a sentinel node biopsy.
Radiotherapy is recommended for most patients treated with excision, and in practice there has been a steady increase in the use of radiotherapy since the early 1980s. The increased use of radiotherapy antedated the 1993 report from the first randomized trial evaluating radiotherapy for DCIS [16] . In 2002, more than 40% of all patients with DCIS received radiotherapy. The largest cancer registry in the USA, SEER (Surveillance, Epidemiology, and End Results) did not link radiotherapy to a specific surgical procedure, but it is likely that most of the patients given radiotherapy had lumpectomy rather than mastectomy. From this we estimate that 64% of patients treated with lumpectomy also had radiotherapy.
Excision without radiotherapy is offered to patients with small tumors and low-grade, non-comedo histology, but it is not formally 'recommended' in the NCCN criteria, which define 'small' as '0.5 cm or less'. Some American DCIS specialists feel comfortable using excision alone with lesions 2.5 cm in size or smaller regardless of tumor grade if the margins are more than 10 mm [17] . In practice, about 36% of patients with DCIS seem to be treated with lumpectomy alone (Fig. 1) . Excision alone without radiotherapy is more likely to be employed for those aged more than 50 years [7] .
In a survey, North America radiotherapists (n = 1,137) were more likely than European radiotherapists (n = 702) to recommend radiotherapy for DCIS, but the differences were greater among community than academic radiotherapists [18] . For example, when asked about treatment of a grade I to II, less than 2.5 cm DCIS lesion with a margin more than 10 mm, 53% of the academic and 28% of the community radiotherapists in North American indicated that they would not use radiotherapy, whereas 55% of the academic and 60% of the community radiotherapists in Europe recommended no radiotherapy for this lesion.
Although the first randomized clinical trial that demonstrated a beneficial effect from tamoxifen for DCIS appeared in 1999 [19] , there is still considerable reluctance to employ this treatment routinely. The NCCN recommends that physicians 'consider' tamoxifen for DCIS regardless of the primary treatment or tumor characteristics ( Fig. 2 ). There are no data available from SEER on the use of tamoxifen for DCIS, but its use in this setting has been reported from several cancer centers. In a retrospective evaluation of 277 DCIS patients at MD Anderson Cancer Center between 1999 and 2002, 60% were offered tamoxifen; 54% of those offered accepted the recommendation [20] . There was no change in the frequency with which tamoxifen was offered between 1999 and 2002.
The most common reason that physicians did not recommend tamoxifen was that the patient's primary treatment was mastectomy. The most common reason that patients declined tamoxifen was fear of the side effects. Of those given tamoxifen, 21% discontinued the medication because of side The distribution of patients by type of surgery or use of radiotherapy is based on the patients for whom there is a specific indication that the therapy was given or not given. The denominator for analyses of other therapies is based on the total number of patients diagnosed. The number of patients included in the calculation for 'lumpectomy' includes those who had a single surgical procedure and those who had an initial surgical procedure plus a re-excision. A few patients in the latter category might have been counted twice if the two procedures were performed in different years. XRT, radiotherapy. effects or complications. Thus, only 27% of this sample completed a 5-year course of tamoxifen when it was offered.
In the international survey of radiotherapists described above, North Americans were more likely to recommend tamoxifen as well as radiotherapy [18] . For example, 74% of academic and 76% of community-based radiotherapists in North America recommended tamoxifen for a DCIS of less than 2.5 cm with grade 3 histology and margins of 1 to 3 mm compared with 39% of academic 49% of community-based radiotherapists in Europe who made this recommendation. On both sides of the Atlantic, radiotherapists were more likely to recommend tamoxifen for tumors of higher grade or narrower margins.
Is DCIS overdiagnosed and overtreated in the USA?
DCIS is diagnosed more frequently and treated more aggressively in the USA than elsewhere. It is plausible that differences in the incidence of DCIS in countries where routine screening mammography is well established are related as much to frequency of biopsies for suspicious lesions as to the frequency of mammography.
The question of whether DCIS is diagnosed too frequently or treated too aggressively in America depends on whether these practices result in better outcomes. The outcome of greatest interest, of course, is breast cancer mortality, but because the reported incidence of death from breast cancer in patients diagnosed with DCIS is somewhat less than 2%, it will be difficult to detect differences between large populations in which there are multiple variables in addition to the method of diagnosis and treatment that might account for any observed small differences. This problem is evident in the comparison of mortality in patients diagnosed with DCIS during two periods in the USA [2] . Among women in SEER who were diagnosed with DCIS from 1978 to 1983, mortality from breast cancer was 1.5 at 5 years and 3.4 at 10 years. For the interval 1984 to 1989 these rates were 0.7 and 1.9, respectively. In the later period, the use of mammography increased rapidly and mastectomy for DCIS decreased. Was mammography improving the prognosis of patients with DCIS because of 'earlier' detection, or were more cases of DCIS with low malignant potential being diagnosed, thus exaggerating the apparent survival benefit? This cannot be determined. On a more positive note, outcomes that affect quality of life, such as the use of breastconserving surgery without axillary lymph node dissection, are clearly improving.
Conclusion
Although one might conclude that the aggressiveness of treatment decreased in the 1980s in the USA as a result of decreased mastectomy rates, the opposite can be said of the period after 1991, first with increasing use of radiotherapy and now tamoxifen. There is reason to believe that physicians are becoming more selective in their use of therapies. Comedo DCIS has remained relatively constant in the face of an overall increase in DCIS, and as of 1999, 33% of patients with comedo carcinomas did not receive radiotherapy [7] . However, the survey of radiotherapists suggests that, at least among American academic physicians, radiotherapy is limited more and more to this group of patients [18] . Tamoxifen for DCIS has not been as widely and quickly embraced as radiotherapy was a decade ago. It is plausible that as more information is generated on the natural history of DCIS, practice patterns in the USA will once again change. It is less certain that the incidence of DCIS will decrease. 
Figure 2
Recommended management guidelines for DCIS developed by and subscribed to by American breast cancer specialists. The scheme shown here is based primarily on guidelines developed by the National Comprehensive Cancer Network (NCCN), a coalition of 19 academic cancer centers in the USA. The American College of Surgeons Commission on Cancer, the American Society of Clinical Oncologists, and the American Society for Therapeutic Radiation Oncologists do not at present endorse any specific guidelines for the management of DCIS but refer to those of the NCCN (Clinical Practice Guidelines in Oncology, Breast Cancer, V.2.2005: Ductal Carcinoma in Situ, DCIS-1 to 3) in their literature (or where information is provided on the Internet, link to the NCCN site [21] ). ALND, axillary lymph node dissection; ER, estrogen receptor; XRT, radiotherapy.
